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Abstract 
For a bridge, the loss caused by the earthquake and secondary disaster is huge. Through building the finite element 
model of Yachi River super-large bridge and the approach bridge, as well as analyzing its vibration characteristics, 
the earthquake responses of the main bridge is achieved under uniform seismic excitation, on the condition that the 
pile-soil effect is excluded from consideration. Moreover, this paper investigates whether the contribution of vertical 
component of seismic waves on seismic response should be taken into consideration. The results indicate that the 
main bridge possesses strong coupling of lateral, longitudinal and vertical displacement component. And the impact 
of vertical seismic waves should be considered in the seismic design; moreover the arch springing should be 
separately analyzed. 
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1. Introduction
Yachi river super-large bridge is a key project of Chengdu-Guiyang railway, located in Bijie City in
Guizhou Province. Chengdu-Guiyang Railway belongs to the Chinese mid-long term railway network 
planning, and it is the backbone of the national rapid rail network project. This railway is composed of 
Chengdu to Leshan section of Cheng-Mian-Le railway, and new Leshan to Guiyang railway, with length 
of 651 km. The Chinese Code for Seismic Design of Railway Engineering [1] specifies that for high-
speed rail bridges, tunnels and other projects in the regions with 6, 7, 8, 9 of fortification intensity should 
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undertake seismic design. Therefore, this paper deals with the preliminary analysis on the seismic 
response of Yachi river super-large bridge. 
2. The finite element model and vibration characteristic  
The main bridge is a double-line steel-concrete composite half-through arch bridge, 436m of main 
span, 115m of vector high. The ribs are steel-concrete composite truss arch structure, with the catenaries 
being arch axis, and 4.62° of leaning angle, thus forming the basket handle arch. I-shaped is adopted as 
the sections of top chord flat joins and sway bracing and rectangular is adopted as the sections of ribs. 
With the full width being 22m, the girder is a single box and multi-cell prestressed concrete box beam. 
The suspender adopts ĳ7 zinc parallel steel wire bundles, spacing 8m. Prestressed concrete T structure is 
used in the approach bridge region with high piers; the span is 61.75 + 61.75m with a total length of 
971m. While the infrastructures use pile foundation and expanded foundation. Elevation of the main 
bridge is shown in Fig. 1(a). 
 
Finite element program is used to model and analyze the main bridge and the high pier approach 
bridge. Space bar finite element method is adopted in dispersing the whole bridge system, while the space 
beam element [2] is used in ribs and piers, and bar element adopted in the suspender. In total, the whole 
bridge model possesses 1267 nodes and 1724 elements. Without considering the contribution of bridge 
deck system to the flexural rigidity of the upper structure, and the connections between pier, spandrel 
column and the girder are simulated through coupling as the physical constraints. The suspender 
simulates its connection with the girder by coupling with the fishbone yoke. The arch springing and piers 
are fixed on the pile caps, ignoring the pile-soil effect. The computation model is shown in Fig. 1(b). 
 
   
Fig. 1.(a) the elevation of the main bridge; (b) the main bridge computation model 
In this paper, bridge vibration modes are solved by subspace iteration method [3]. A number of lower 
modes serve to control factor of response of the bridge, so that some lower modes are extracted for 
response analysis. This paper merely lists the first 20 natural frequencies and modal characteristics, as in 
Table 1, and the first 4 vibration modes are shown in Fig. 2. 
 
Table 1 and Fig. 2 show that stage 1 is lateral bending mode and stage 2 is antisymmetric bending, 
which indicates that the longitudinal flexural stiffness of arch bridge is higher than the lateral stiffness. In 
the vertical plane symmetrical wave appears for the first time in the stage 5, which shows that the 5th 
vibration mode makes the greatest contribution to the vertical seismic force. Stage 2 for the antisymmetric 
wave vibration mode indicates that the 2nd vibration mode makes the greatest contribution to longitudinal 
seismic force. Stage 1 show that the 1st vibration mode makes the greatest contribution to the lateral 
seismic force. The vibration modalities of the first 10 stages are different combinations of rib and girder 
the symmetric and asymmetric bending in vertical and lateral plane. The coupling effect between torsion 
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and lateral bending, emerging after the 10th stage, shows that torsional stiffness of the bridge is relatively 
higher. The vibrations of the girder and arch rib are synchronization on the whole in the vertical plane, 
however in the lateral plane the vibration of the girder and the floor system has obviously been hysteretic, 
indicating that the lateral stiffness of girder is much higher than that of arch rib and spandrel column.  
Table 1. Natural frequencies and modal characteristics 
 
No. Freq(Hz) Vibration mode characteristics 
1 0.25770 Rib and girder symmetric lateral bend 
2 0.42592 Rib and girder antisymmetric vertical bend 
3 0.50716 Rib and girder symmetric lateral bend 
4 0.59105 Rib and girder antisymmetric lateral bend 
5 0.78995 Rib and girder symmetric vertical bend 
6 0.79747 Rib and girder antisymmetric vertical bend 
7 0.94955 Rib and girder symmetric lateral bend 
8 1.1105 Rib and girder symmetric vertical bend 
9 1.1577 Rib and girder antisymmetric lateral bend 
10 1.2999 Girder lateral bend coupling with vertical 
11 1.4241     Rib and girder symmetric vertical bend 
12 1.4392    Rib and girder symmetric lateral bend 
13 1.4777      Rib and girder torsion 
14 1.5651        Rib and girder antisymmetric lateral bend coupling with torsion 
15 1.7125     Rib and girder symmetric lateral bend coupling with torsion 
16 1.7349 Rib and girder antisymmetric lateral bend coupling with torsion 
17 1.7482 Rib and approach bridge symmetric vertical bend 
18 1.8173 Rib and girder symmetric vertical bend 
19 1.9745 Rib and girder symmetric vertical bend coupling with torsion 
20 1.9906    Rib and girder asymmetric vertical bend 
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Fig.2. (a) Stage 1   f = 0.25770; (b) Stage 2   f = 0.42592; (c) Stage 3   f = 0. 50716; (d) Stage 4   f = 0.59105; 
3. Seismic response analysis 
The waves adopted in this paper are "the earthquake wave records in Tianjin China (1976)". The 
bridge is excited in two working conditions (taking the effects of vertical waves into consideration or 
not). Code for Seismic Design of Railway Engineering provides that "in the seismic designs of cantilever 
structure with fortification intensity of 9 and prestressed concrete rigid frame bridges, the vertical wave 
effect should be considered, and combined with the horizontal wave in case of the most unfavorable 
condition." Generally speaking, vertical seismic coefficient is taken as 1/2~ 2/3 [4]. Here 2/3 is chosen. 
The influences of the horizontal and vertical waves are investigated by comparing results. 
 
According to the Appendix A in Code for Seismic Design of Buildings [5], local seismic fortification 
intensity is 6, classification of design earthquake in the first group. Code for Seismic Design of Railway 
Engineering states: the bridges, which are across great rivers and have complicated technology and 
difficult to repair, belong to Class A engineering and their seismic fortification intensity should be 7. 
From table 3.22 it can be detected that the design seismic acceleration a= 0.125g when seismic intensity 
is 7. The record of Tianjin waves show that avmax= 73.14 cm/s2. Here the peak value of the real seismic 
acceleration is converted into required basic intensity. Generally the vertical seismic acceleration av=a/2, 
for the Tianjin waves, conversion factor: 
av/avmax = 0.125g/2/0.7314 = 0.8374          (1) 
In this article, time history analysis method is used to analyze seismic response under uniform 
excitation without considering the effect of travelling wave. When time step is 1/50 of natural period, the 
error of result is out of consideration. In this paper ǻt is 0.01s and the total calculating time is 19.10s. The 
damping ratio is 0.05. The acceleration in north-south direction is used for longitudinal excitation 
acceleration and for lateral in west-east direction. Fig. 3 show the displacement graph of vault in time 
history, in which the vertical displacement of vault vary based on whether the vertical wave is considered. 
Owing to limited space, the peak responses of internal force and displacement are listed in tables, as 
shown in Table 2, Table 3. 
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Fig.3. (a) Vertical displacement responses of horizontal waves; (b) Vertical displacement responses of combination waves; 
(c) Lateral displacement responses of horizontal waves; (d) Lateral displacement responses of combination waves; 
 (e) Longitudinal displacement responses of horizontal waves; (f) Longitudinal displacement responses of combination waves; 
The influence of vertical component on horizontal displacement is not evident, yet is much to the 
vertical, as shown in the Fig. 3. Table 2 indicates that when vertical component is combined, the lateral 
moment of arch springing decreases while the vertical moment increases by 62%. Probable reason is that 
vertical excitation arouses asymmetric vibration mode. The vertical axial forces at the bottom of 9#, 
154  Wen-xiu Liu et al. / Procedia Engineering 12 (2011) 149–155
10#piers are also affected deeply, respectively 24% and 43%. Then the other horizontal internal force 
increments are within 20%. Table 3 shows that under the influence of vertical component vertical and 
lateral displacement on the top of 10#pier increases by about 50%, vault vertical displacement increases 
by 33%. The vertical displacement of girder in mid-span increases by 250 times, that is possibly caused 
by the relative rigid body vertical displacements under vertical excitation. Vertical displacements of other 
sections are affected a little by vertical excitation, indicating that there is strong coupling of lateral, 
longitudinal and vertical displacement component of the arch bridge [6]. 
Table 2. Maximum internal force responses in control sections 
 location lateral longitudinal vertical 
Nmax (kN) Mmax(kN·M) Nmax(kN) Mmax(kN·M) Nmax(kN·M) Mmax(kN·M) 
horizontal 
wave only 
springing 13000 44000 35000 115000 62500 55500 
9#pier 3600 350000 7100 139000 4000 2.0E-12 
10#pier 13500 1550000 28000 630000 7000 65000 
2/3 vertical 
wave 
springing 14000 40500 40200 120000 68500 90000 
9#pier 3640 370000 7900 141000 4950 2.05E-12 
10#pier 14000 1580000 31000 724000 10000 67500 
affect of 
vertical wave 
springing 7.69% -7.95% 14.86% 4.35% 9.60% 62.16% 
9#pier 1.11% 5.71% 11.27% 1.44% 23.75% 2.50% 
10#pier 3.70% 1.94% 10.71% 14.92% 42.86% 3.85% 
Table 3. Maximum displacement responses in control sections (unit: cm) 
 direction mid-span deck 1/4 span  vault 9#pier 10#pier 
horizontal 
wave only 
longitudinal 12 12.4 10.5 10.5 12 
lateral 10 6 9 2.2 2.5 
vertical 0.015 14 3 0.05 0.034 
2/3 vertical 
wave 
longitudinal 12.3  12.5 10.8 10.8 12.2 
lateral 10.2 6.2 9.3 2.3 3.9 




longitudinal 2.50% 0.81% 2.86% 2.86% 1.67% 
lateral 2.00% 3.33% 3.33% 4.55% 56.00% 
vertical 252.33 2.14% 33.33% 20.00% 47.06% 
4. Conclusion 
Based on the finite element model of Yachi river super-large bridge and the approach bridge region 
with high piers, seismic response analysis is achieved through the time history analysis method, and some 
conclusions are obtained as follows: 
 
1) The first mode of the main bridge is the lateral deflection. It indicates that lateral stiffness is smaller 
Wen-xiu Liu et al. / Procedia Engineering 12 (2011) 149–155 155
than the longitudinal stiffness. Increasing transverse connection and brace stiffness is proposed here; 
2) Internal force and stress of arch springing are obviously influenced by the vertical component of 
seismic wave, it is better to take a separate analysis of anti-seismic capability of arch springing; 
3) The vertical wave has evident impact on the internal force and displacement response of the main 
bridge. As a result, the effect of the vertical wave to the structure must be taken into account in 
seismic design. 
4) The main bridge possesses strong couple effect between three displacement components. Any of 
them will influence the seismic response of the main bridge. 
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